Abstract. Comparing with the normal mechanical inertial stabilized platform (ISP), the novel ISP with magnetic bearing to suspend the yaw gimballing owns the ability of isolating the vibration and disturbance of external gimballing. However, on the one hand, complex structure of the magnetically suspended gimballing introduces the parametric uncertainties into modelling of magnetic suspension force, and the disturbance between the magnetic fields brings the un-modeled force into dynamics of magnetically suspended gimballing. On the other hand, the external disturbances such as wind drag affect the stability of magnetically suspended gimballing. Therefore, to weaken the negative influence on stability and improve the robustness of system, the H f robust controllers for translation and tilting of gimballing are designed. The experimental results indicate that the robust controller of magnetically suspended gimballing owns the excellent robustness when the load of magnetically suspended gimballing changes.
Introduction
The ISP for remote sensing is promising to be applied in the observation and photography system fixed on the airborne platform and ship-based platform [1] [2] . Usually, the loads (include POS and camera) are installed on the yaw gimballing, so stability and control precision of yaw gimballing are critical to the quality of image achieved by camera [3] . For the ordinary mechanical ISP with three axis frames, the motions of roll angle, pitch angle and inner yaw angle are separated by the mechanical levitation methods such mechanical bearing and gear [4] [5] . However, for the mechanical levitation methods between gimballing, which is touched between the external gimballing and internal gimballing, the disturbance of external gimballing possibly transfer from the external gimballing to internal gimballing, so the control precision and stability of yaw gimballing are affected. Therefore, one kind of novel ISP with magnetic suspension technology was designed [6] [7] [8] , the magnetic suspension method is untouched so that the disturbance can be effectively isolated. Furthermore, to provide a stable environment to the yaw gimballing, there were a series of relevant research to improve the robustness of magnetically suspended system, a gain scheduled H f robust control scheme with free parameters was proposed to eliminate the unbalance vibration in a rotor system supported by magnetic bearings [9] . And, for an active radial homopolar magnetic bearing system, the robust control of rigid rotor vibration was designed analytically, and the initial responses/transient responses and robustness of the designed controller was confirmed [10] . In addition, aiming at the difficulty of obtaining the accurate model of magnetic bearing, the robust stabilization of a voltage-controlled three pole active magnetic bearing was considered [11] . However, those papers only focused on control of the magnetically suspended rotor with high-speed and light-weight, and the magnetically suspended rotor did not need to bear load. There is no publication about magnetically suspended gimballing with great rotary inertia, great bearing ability and wide load range until now. Therefore, in this paper, considering the parametric uncertainties, external disturbance and change of load, the robust control of magnetically suspended gimballing is designed, and the suspension performance under the situations of different loads is tested. The configuration of ISP with magnetic bearings is shown as Fig.1 , the whole ISP consists of three gimballing---roll gimballing, pitch gimballing and yaw gimballing. And, yaw gimballing, as the innermost gimballing, all load components are installed on it, its control precision and stability are critical to the quality of imaging. In this paper, magnetic bearings, instead of mechanic bearings and gears, are applied to levitate the yaw gimballing in order to absolutely isolate disturbance from outer gimballing. For the pitch gimballing, it is outsider the yaw gimballing, the roll gimballing is the outermost gimballing. As illustrated as Fig.2 , the yaw gimballing is suspended by magnetic bearings in radial and axial directions, the structure of magnetic suspended gimballing is composed with radial magnetic bearing and axial magnetic bearing. Eight same axial magnetic bearings are located at the upper surface of yaw gimballing, four same axial magnetic bearings are fixed on lower surface, which are mounted on circumferential position as the four of upper axial magnetic bearings to control the axial translation. And, other four magnetic bearings control the tilting of gimballing around X and Y axis. In addition, radial translation of magnetically suspended gimballing is controlled by two pairs of magnetic bearings which are installed in radial direction. As a consequent, the suspension of yaw gimballing on five degree of freedom is realized.
Model of the magnetically suspended gimballing

The translational model of magnetically suspended gimballing
Virtually, the translational control of the magnetically suspended gimballing is the control of magnetic bearing in radial direction and axial direction, the position and velocity of inner yaw gimballing are controlled by adjusting the force generated by magnetic bearing. The radial control of magnetically suspended gimballing is to realize the stable suspension, according to the analysis in Fig.3 , the dynamic model of magnetically suspended gimballing in the radial and axial directions is 
(2) Furthermore, the state variable of model is selected as
, and state space function of translational system is 
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, the closed-loop transfer function from r to e, u and y is, respectively
where S is the sensitivity function, R is the penalty sensitivity function, and S R I .
During the procedure of designing suboptimal H f robust controller, we try to find a stabilizing controller K s , which ensure the closed-loop system stable, and P f , the closed-loop transfer function of enhanced object model, must satisfy (8) where J is a minimal value of the optimization factor, and smaller J is, the stronger the robustness.
Design of weighting matrix
A, The selection of 1 
W s
For the magnetic suspended gimballing, the frequency of disturbance usually locates at the low frequency domain, so the gain of S should be small to inhibit the disturbance. Consequently, the weighting value should be high 4 Experimental results Figure 6 . Experimental setup.
Experimental setup
The experimental setup of magnetically suspended ISP is shown in Fig.6 , the whole control circuit is embedded inside of magnetically suspended gimballing, and it consists of a digital signal processor TMS320F28335 with 12-bit A/D converter to control magnetic bearing, the digital PWM amplifier with 20KHz to drive the magnetic bearing, eddy current sensors to measure the displacement of rotor. In addition, the sampling frequency of whole control system is20KHz, the power supply provided by UPS is28V, other system parameters of magnetically suspended gimballing are listed in the Table. 1. 
Suspension performance in translational direction
When the load of magnetically suspended gimballing are 15kg, 30kg and 45kg, the axial suspension performance of magnetically suspended gimballing is tested. As shown as Fig.7 , the red dashed line illustrates the displacement of PID controller, the blue line shows the displacement of robust controller. Initially, there is no load installed on the magnetically suspended gimballing, the gimballing stably suspend at the axial equilibrium point. Then, the different loads are installed on the magnetically suspended gimballing, the comparison of radial drift between the robust control and PID is presented in the Table. 2, the axial overshoot comparison is illustrated in Table. 3. Thus, it is concluded that displacement overshoot of robust control is quite smaller than that of PID control when the loads are different. Table 3 . Maximum axial overshoot comparison between PID and robust control
Conclusion
In this paper, we have analyzed the characteristics of magnetically suspended gimballing, the magnetically suspended gimballing owns greater bearing ability and wider bearing range, and the load of magnetically suspended gimballing will change according to the requirements. Consequently, those requirements introduce parametric uncertainties (unmodeled force, unmodeled dynamics), and the change of load cause a robustness problem to the magnetically suspended gimballing. Therefore, robust controllers of translation and tilting are designed to improve the robustness of magnetically suspended gimballing system. The experimental results demonstrate that robust controller has strong robustness when the load of the magnetically suspended gimballing changes.
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